INTRODUCTION 2. MATERIALS AND METHODS
/3-Lactamases (penicillin amido-/3-1actam hydrolase EC 3.5.2.6 and EC 3.5.2.8) are found in a large number of bacteria and vary widely in their enzymic and molecular properties. The primary structure of some of them has been investigated I1].
By the use of substrate analogs evidence has been put forward that one serine, for some of them [2] [3] [4] , and one histidine, for the R-TEM enzyme [5, 6] , are part of the active site of the enzyme.
More information about the functional groups that make up the active site (or its surroundings) can be obtained from a study of the structure of artificial mutants with altered catalytic function. Hall and Knowles [7] have produced a R-TEM /3-1actamase variant with modified specificity but the expected structural lesion has not been detected.
We also have obtained a laboratory mutant of the plasmid piP 16a encoding TEM-2/~-lactamase. The mutant enzyme showed a dramatic reduction in affinity for carbenicillin. From comparison of the amino acid composition of the mutant and the wild type enzyme we deduced a single amino acid substitution.
** To whom correspondence should be sent at CNRS-CERCOA, 2, rue H. Dunant, 94320 Thiais, France.
Bacterial strains and R-plasmid
The plasmid piP 16a, Inc, Ap, km, Su (Y.A. Chabbert) specifies TEM-2/~-lactamase.
The plasmid host was E. colt K-12, 14R525, F', Nal (E.S. Anderson). E. colt K-12, C600, F', Rif (Y.A. Chabbert) was used as recipient in mating experiments.
Susceptibility testing
Minimal inhibitory concentrations (MIC) of the antibiotics were determined by a standard dilution method in Mueller-Hinton agar (I.P. production). The standard inoculum contained 1 to 4-103 organisms per spot.
Mutagenesis
The induction of mutations by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) in E. colt K-l 2, 14R525 strain carrying the plasmid piP 16a (MIC Carb > 4096 ~g/ml) was performed by the method of Robinson [8] . The variants were selected for a partial decrease in carbenicillin resistance (see RE-SULTS). 
R-plasmid transfer
Transferability of mutant phenotype was examined by mixed culture. E. coli K-12, C600, Rif was used as recipient. Selection for the transconjugants was performed on agar containing rifampicin (300 ~g/ml) and kanamycin (12.5 ~g/ml).
fl-Lactamases purification
An outline of purification procedure and recovery after each step are shown in Table 2 .
Analytical procedure
Purity and M r values of the fl-lactamase preparations were estimated by sodium dodecyl sulfate discontinuous gel electrophoresis according to Laemli and Favre [9] using pepsin (35000), subtilisin (27600), trypsin (23500), trypsin inhibitor from soya (21 500) and fl-lactoglobulin (18 400) as M r standards. Comparative analytical isoelectric focusing (IEF) was performed in polyacrylamide gel sheets [10] using ampholytes of pI 3.5-9.5 or 4 6.
Proteins were stained by Coomassie brillant blue G250 or fl-lactamase activity was revealed by an iodometric procedure [10] .
The absolute pI values were obtained by IEF in a sucrose gradient as previously described [11] .
Kinetic constants and enzyme unit
The Michaelis-Menten constants (Km and V,,) were determined by a microacidimetric method [12] . One unit of the fl-lactamase activity is defined as the amount of enzyme which hydrolyses 1 /~mol of penicillin G per min at 37°C and pH 7.0.
The specific activity was expressed in term of units of enzyme activity per mg of protein.
Amino acid analysis
Samples of the purified protein preparations (7-15 nmol) were hydrolysed under vaccum in 6 N HC1 at l l0°C for 24, 48 or 72 h.
Cysteine was determined as S-carboxymethyl cysteine after treatment with iodoacetic acid according to Crestfield [13] and tryptophan after hydrolysis in 4 N methanesulfonic acid containing 0.2% of 3-(2-aminoethyl) indole [14] .
The analyses were performed on a Kontron Liquimat II analyser. The area of each peak was corrected after comparison with an amino acid standard. The number of residues per molecule was calculated with a computer program on the basis of the M r value of 28 500, calculated from the sequence [ 15].
RESULTS
3650 clones isolated from MNNG-treated E. coli K-12, piP 16A were tested for a decrease of the resistance to carbenicillin. 15 clones had MIC Table 1 Comparative activity of antimicrobial agents against strains of E. coli K12 carrying the wild-type or mutant R-plasmids Cb, carbenicillin; Ap, ampicillin; Ct, cephalothin; Ctx, cefotaxime; Cfm, cefamandole; Kin, kanamycin; Su, sulfonamides. < 128 /zg/ml. Of these 14 had lost their plasmid as they were km s Su s. One clone resistant to 64 /~g/ml of carbenicillin has a phenotype km R Su R. Table 1 shows that mutation of this last clone brought about a 8-to 128-fold decrease in the MIC to ampicillin and carbenicillin while MIC to Relative to penicillin G (100).
b Same data were obtained with TEM-2 C.A.M.R. fl-lactamase. Mating experiments have shown that the mutation is located in the plasmidic DNA ( Table 1) . The mutant plasmid was given the number R554.
The specific activities of crude extracts from wild type (9 U/mg) and mutant (5 U/mg) E. coli K-12 strains are similar. The two fl-lactamases were purified about 500-fold from disrupted cells by a five-step purification procedure (Table 2) .
Purified TEM-2 (spec. act. 3300 U/mg) and its variant (2500 U/mg) migrated as a single band in discontinuous gel electrophoresis and flat-bed 1EF. Comparative studies with the same analytical procedures, could not distinguish between samples of TEM-2 fl-lactamase, its variant and a sample of a commercially available R-TEM fl-lactamase from the Center for Applied Microbiology and Research (C.A.M.R.), Porton, U.K., formerly M.R.E.).
From the electrophoretic mobility, in sodium dodecyl sulfate acrylamide gel, the molecular weight of the three enzymes was estimated to be about 27 000. In IEF in a sucrose gradient, all the fl-lactamases had the same pI: 5.60. Table 3 compares the kinetic constants of the enzymes encoded by the wild-type piP 16a and mutant R554 plasmids. The K~ of the mutant ,8-1actamase increases mostly when the substrate is a penicillin. This is much more obvious when the substrate is carbenicillin or oxacillin. With carbenicillin, the K m increases by a factor of 250. Amino acid composition of TEM-2 fl-lactamase and its variant are shown in Table 4 . The results presented are the means of twenty composition determinations made from three different enzyme preparations. Amino acid compositions of the two proteins are comparable except for one substitution. In the mutant enzyme one valine replaces one alanine. We have also examined the R-TEM C.A.M.R. fl-lactamase. As shown in Table 4 values do not significantly differ from those of the TEM-2 16a enzyme. Our preliminary results, by IEF [16] indicated also that this fl-lactamase is a TEM-2 enzyme.
DISCUSSION
The ,8-1actamases of known sequence show substrate specificity for penicillins, class A [1] or cephalosporins, class C [17] . By the use of various substrates evidence arose that serine forms the active site of three penicillinases [2] [3] [4] and two cephalosporinases [ 18] .
Additional knowledge on the active site of fl-lactamase can also be obtained by structural study of artificial mutants with altered enzymic properties. NOVICK [19] has reported S. aureus mutants that produced ~8-1actamase with reduced specific activity. In two cases single amino acid substitution Thr --+ Ile and Asp -~ Asn were identified [ 1 ] .
The plasmid pip 16a, encoding TEM-2 ,8-1actamase, controls kanamycin, sulfonamide and penicillin (ampicillin, carbenicillm) resistance. From chemical mutagenesis we isolated one chine which had a lower MIC to carbenicillin. The ntutation event involved the plasmid transmissible to E. coli K-12 C600 strain (Table 1) .
TEM-2 fl-lactanaase (plasmid pip 16a) and its variant (plasmid R554) are indistinguable in electrophoresis (M r = 27000) and IEF (pl = 5.60) experiments. Nevertheless the enzyme produced by the mutant strain shows a drastic fall in affinity for carbenicillin, oxacillin and, to a much lesser extent for the other penicillins (Table 3 ). These observations correlate well with those made from MIC determinations ( Table 1) . We conclude that MNNG mutagenesis has affected functional group(s) that make up or surround the active site.
From comparative amino acid analysis one single substitution appears likely * (1-'able 4). One valine replaces one alanine. This is in agreement with the genetic code and pl determination.
Substitution of a methyl group (alanine) by a isopropyl group (valine) may induce a deformation of the tertiary structure of the active site so as to block the entry of substrates bearing particular side chains.
